This paper presents the design, implementation, and evaluation of a blended learning program to develop research capacity in the clinical trials workforce. The purpose of the program was to advance knowledge and skills, provide practical applications, and integrate patient-oriented research into clinical trials. An advisory committee of multidisciplinary stakeholders informed the design, resulting in an 18-week, 56-hour accredited program. The initial program was implemented in January 2017, with evaluation conducted through online surveys following each module, followed by semi-structured interviews at 4-6 months post program completion. Early impacts included increased knowledge, confidence, and efficiencies; changes in personal perspectives and attitudes; and amendments to studies already underway in learner's work environments.
Introduction

Patient-Oriented Research -Context
Over the past two decades there has been a growing global interest in supporting public, patient and family collaboration in health research. In Canada, a national research funder, the Canadian Institutes of Health Research [1] developed and funded the Strategy for Patient-Oriented Research (SPOR) . This was in response to the growing need to ensure that public and patients were involved as more than human study subjects, but as experts in the experience of their disease area, partners in assessing relevance and priorities for research, and key stakeholders and end users for new medications, treatments, and interventions. The overarching goal of SPOR was to increase the quantity and quality of patientoriented research [1] . Through long-term integration of this new approach, their goal was to effectively shift the health research culture to become more patient-oriented.
Several journals, such as the Canadian Medical Association Journal, now require contributors to provide evidence of their patient-oriented research approach in order to be eligible for publication [2] . CIHR also identified increased competitiveness in conducting clinical trials as a key goal for SPOR [1] . Applying a patient-oriented research approach to clinical trials reflects an increasing emphasis on patient engagement, partnership, priorities, and patient outcomes.
Education and training is a common intervention to create change at individual and team levels through the development of a core of well-trained individuals to increase local capacity [3] . The larger environments, such as the organizations and networks, where these individuals and teams work must be considered if changes at the individuals and team levels are to have maximum impact and create sustainable change [3] .
Change management theory suggests that organizations change in response to natural shifts in strategic priorities [4] . The shift in health research towards approaches of patient-oriented research and patient engagement may indeed be the larger drivers towards culture change than individual educational and training programs. Bottom-up approaches, such as training for front-line staff, are an integral component of a much larger ecosystem in the health research environment and overall health system.
One of the ways the Alberta SPOR SUPPORT Unit addressed capacity development for clinical trials was through the development of the Leadership in Patient-Oriented Research: Pragmatic Clinical Trials Certificate. Stakeholders were clear about a need for such a program; however, evaluation was required to determine if the impact and outcomes reflected the initiative's purpose and objectives.
This paper provides an overview of the program design, learner impact and outcomes, as well as discusses the findings in relation to current literature in health research capacity development. This is also one of few reports on research capacity development activities that focus on clinical trials and prioritizes the learning and development of the workforce. This program is also the only known educational activity that bridges clinical trials work with patient-oriented research.
Capacity Development
A number of definitions describe the endeavour to increase capacity in the health research environment, including capacity building, capacity development, and capacity strengthening. The definition of research capacity development for the purpose of this initiative is the "process of individual and institutional development which leads to higher levels of skills and greater ability to perform useful research" [5] . The goal of the capacity development program described here was to increase skill, knowledge, utilization of relevant resources, and integration of patient-oriented research into clinical trial work.
The Commission on Health Research for Development indicated that the "strengthening of expertise in research was one of the most powerful, cost effective and sustainable means of advancing health and development" (1997, p. 265) . Condell & Begley [6] considered education and training as key interventions to strengthen research expertise. These included training activities such as workshops on ethics, study design, and research governance [7] . Whitworth [8] described such programs as intending to ensure a research-ready workforce capable of conducting daily tasks and adherence to regulatory requirements. Other forms of capacity development include mentorship, funding support, and development of partnerships [8] [9] [10] .
Many Health Research Capacity Development (HRCD) programs focus on developing capacity within the researcher, faculty, and graduate student audience [8, [11] [12] [13] , while few target other health and research professionals that are critical members of health research and clinical trials teams. The HRCD context also extends beyond the environment of traditional research institutions, as many have noted the importance of developing research capacity in areas such as primary care and public health [9] , or in global and international health research, such as in lowand middle-income countries [10, 14, 15] . The overarching purpose for research capacity development programs, regardless of the audience or context, is to improve the ability to conduct research, use the results effectively, and create a strong infrastructure to continue this cycle [15] .
Learning Environment
Professional development is typically offered through periodic activities and training that is often not context-driven [16] . Many local offerings to develop skills and knowledge to conduct clinical trials are one-time workshops or two-day conference style activities that focus on a particular topic, rather than creating long term linkages between skills to develop a comprehensive knowledge base. Longer term professional development is more likely to have an impact than shorter learning and training activities; learners have more opportunity for 'hands-on' development that is linked to their daily work and is therefore more likely to demonstrate enhanced knowledge and skills [17] .
A longer-term cohort-based format was selected for this program to provide time and opportunity for collaborative learning, development of networks and relationships, and to ensure adequate time to reflect on learning for integration into practice. The health research capacity development program described here is designed to approach research staff professional development in a comprehensive format. This program design extends beyond workshops, conferences and self-study modules and uses a community approach where technology provides a space for collaborative inquiry that enhances learning [16] .
Measurement of HRCD
The literature on health research capacity development documents the debate over the methods required to consistently measure the outcomes of HRCD. Cooke [9] developed a framework designed to plan and measure the progress of research capacity building activities. The identification of relevant and appropriate outcomes is a crucial component of this framework. To represent the full spectrum of impact, non-traditional measurements in HRCD may be more appropriate than traditional measurements of publications, conference presentations, and grant funds [9] . However, the value of Cooke's [9] framework expands beyond individual educational outcomes to explore a variety of components of capacity building, such as linking practitioners to research, building networks and partnerships, and supporting health system and research infrastructure.
Context
There is currently no direct pathway leading to employment in clinical trials in Alberta and no common training activities to provide consistency in the knowledge, ability, and practical skills of clinical trial professionals across the province. Numerous short-term or single event training opportunities exist that focus on a particular topic or area in clinical trial conduct, particularly regulatory rules. Multiple provincial stakeholders identified the need to consolidate and expand this learning, incorporate patientoriented research strategies, and provide opportunity to integrate practical applicability with a focus on Alberta-specific contexts.
Materials and Methods
Design
A multidisciplinary advisory group was created to inform the design, content, format, and overall structure for the Certificate program. Membership in the advisory committee included clinical trial experts and leaders, education experts, research staff (including nurses, coordinators, and managers), patients, and university administrators. Committee members participated in numerous face-to-face meetings, teleconferences, and email interactions to provide input into program design and development.
Essential content was arranged sequentially in the order one might encounter each topic in the real-world chronology of a clinical trial. To add value for learners, experts across the province contributed a lecture or presentation for each module, with subsequent interactive components or assignments that focused on the practical application of each module topic. Patient-oriented research principles and strategies were integrated into the content, providing learners the opportunity to explore how to partner with patients at various stages of clinical trial studies. Clinical trial efficiency, accuracy, skill building, practical application, and utilization of available resources were also critical elements of the program design.
The final framework included 56 hours of accredited original content, seven hours? -Reviewer is asking -no, content sources as indicated) external content sources, and 24 (hours, classes, -please specify -24 subject matter experts as indicated) subject matter experts. A course coordinator handled logistics for the online learning management system as well as for live and in-person sessions; learner and speaker communications; tracking assignments and progress. Content experts were hired as moderators to follow the cohort through the duration of the program and acted as a resource in the topic area to provide continuity in addressing questions, provide additional content and resources, and offer feedback on assignments. The initial cohort included two such moderators: one with expertise in clinical trials and one with expertise in patient-oriented research and patient engagement.
Learners were invited to participate in the initial cohort at no fee in return for completion of comprehensive online surveys each week, a more in-depth program evaluation at the mid-way and final stages of the program, and a semi-structured interview at 3-4 months post completion of the program.
Setting
Learners for the program were located throughout the province, which required an accessible delivery format. A blended learning format was chosen for program delivery, with in-person learning to begin and end the program with weekly online modules for the weeks in between. Online modules included a combination of synchronous and asynchronous sessions so that learners had regular opportunities to continue to learn together in real time, while at other times completing the work at their own convenience. Online learning has demonstrated numerous advantages to the barriers of geography while still providing options for interactivity and learner autonomy and control [18] .
Learner Demographics
Learners were recruited through two sources for the initial cohort. First, advisory committee members were asked to provide recommendations for individuals that would be able to provide strong feedback. Information sessions were held at the two major universities in the province and clinical trials staff were invited to attend. All learners completed an application form to gather information on their current role, level of experience, types of trials and studies experienced, and expectations for the program. Only learners with some experience or context for clinical trials were considered capable of providing meaningful feedback on the content in relation to their daily work and responsibilities.
Data Collection Surveys
Through weekly online evaluations learners provided feedback on the content quality, presenter efficacy, and alignment with learning objectives. A mid-way comprehensive online survey addressed program-level inquiries related to the timing and sequence of modules; applicability of content to individual roles and responsibilities; linkages across modules and assignments; usability of the online learning tools; and feasibility of the workload.
Evaluations included a combination of ordinal questions, where respondents selected a rating for each item, as well as open-ended questions. Following the final in-person day, learners completed an overall program evaluation to assess program value and early outcomes, such as changes in tasks or knowledge as a result of incorporating POR into their clinical trials work.
Semi-structured Interviews
Four months after program completion, semi-structured interviews were completed to determine any additional impact of the program on daily work, knowledge, skills, or perspectives. A research assistant conducted, recorded, and transcribed the interviews using an interview guide developed by MKR and MH.
Analysis
Online survey responses were collected and compiled using Survey Monkey, including quantitative feedback as well as qualitative responses from open-ended questions. This information was compiled on an ongoing basis to make program adjustments to meet learner needs and for reporting early learner impact.
At the completion of all semi-structured interviews, the first author (MKR) reviewed all interview transcripts, utilizing audio recordings as needed. The qualitative analysis included grouping interview data into categories and themes that reflected learners' experiences. These categories were compared with the program learning objectives to identify if they had been met. This analysis also identified concrete examples of the impact of the learning and application on the work environment. Excerpts from learner interviews are presented below, using 'he' and 'she' randomly to assure anonymity.
Results
Twenty-two of twenty-four learners (90.9%) completed the 56-hour initial cohort. Learners were clinical trials staff employed by one of the major universities, the provincial health system, or independent/external research organizations. The fields of study and departments represented included paediatrics, mental health, neuroscience, oncology, cardiovascular, respiratory and surgery.
# Learners
Clinical trials experience 6 < 2 years 2 3 -5 years 7 5 -10 years 5 11 -20 years 2 20+ years Total: 22 
Survey
At the conclusion of the program 19 of 22 of learners indicated their participation in the program already had an impact on their work routines through improvements in documentation, more closely following regulatory requirements, audit preparations, budgetary considerations, and ethics applications. In addition, 15 learners also made changes related to patient-oriented research. For example, they identified obtaining patient feedback and recruiting patient collaborators to inform aspects of the study in areas such as informed consent and recruitment strategies. Respondents who had not yet incorporated any patient-oriented principles or strategies into their work reported discussions with their team, manager, or principal investigator related to these topics.
Semi-structured Interviews
Fourteen learners participated in individual interviews, conducted four months after successful completion of the program. Twelve of the fourteen learners stated when they first began working in clinical trials their primary sources of information and training were informal. They described their training as "on the job learning," including asking colleagues, trial and error, and even 'sink or swim.' These responses supported a need for the program, as it was clear the current workforce were not learning their roles and responsibilities in a formalized, comprehensive, or consistent manner.
Increased trial knowledge and skills
Given the learners' experiences in conducting clinical trials (Figure 1) , the program developers anticipated that learners may be familiar with some of the material, particularly topics related to clinical trial conduct. However, almost every participant in the interview process described a "sharpening of their skills" (P07), an "increase in knowledge" (P05), or that the program "reinforced and solidified my ability to do my work" (P08).
Learners stated they had gained confidence in their skills and ability to conduct clinical trials work: 
I am definitely more competent in what is needed, whereas
before the course I kind of had a rough idea but would need a lot of guidance; I am definitely better because of it (P04).
Confidence was also expressed in terms of becoming • more efficient now… accurate and efficient (P05).
Increased motivation through • enhancing my skills and finding a renewed enthusiasm for my work (P07).
A transition in ability from novice to a leadership role after • completing the program; he became the person on the team others go to with questions (P10).
Ability to apply knowledge in practice
Building competencies to expand a skilled workforce made it imperative that the program structure bridged knowledge of clinical trial requirements with the ability to apply that knowledge to work activities. Modules focused on topics such as creating a regulatory binder, planning a budget, recruiting participants, and designing informed consent processes.
Learners reflected on the impact of this design:
Pragmatic and solid examples on how to do it rather than talking at a broader level was helpful… doing study close-out, writing budgets, all those sorts of things that were very hands on, each one was helpful (P09).
Learners also described being more thorough on the job (P07), changing study processes (P02), and creating a framework for documentation that we now use in every study we run (P01).
Knowledge and integration of patient-oriented research into clinical trials
Patient-oriented research was a new topic for many learners and the initial reactions to the material were reflected in some reticence in early program surveys, anticipating barriers and challenges in bringing it to the workplace. Learners noted patientoriented research was not something I had been learning on the job, it was all new (P08).
Learners who had some knowledge of patient-oriented research when entering the program found: Even more now I am trying to build patient-oriented strategies into our work, not to just involve them but to involve them in a meaningful way (P03).
Upon program completion they were not only aware of it but felt they had the knowledge to try and implement it (P01) and were using strategies they wouldn't have used before… but are now tailored towards patient-oriented research from the beginning (P09). During the interviews learners noted the program added valuable practical skills and strategies (P05) for implementation, including:
Various ways to potentially integrate patients that made you think more about it within the context of what you do (P12).
These approaches enabled learners to speak with their teams and recommend patient-oriented strategies:
I am able to suggest to the team that we incorporate patient input and now we're really talking about that… we're not there yet, but it's a start (P14).
A few learners took on the challenge of incorporating patientoriented research and were successful in changing the way their study proceeded. Two learners described conversations with their Principal Investigators (PI) and trial managers on how to incorporate patient-oriented research. One learner's enthusiasm convinced the study PI to pursue patient-oriented research strategies and together they re-developed the study design as well as completed ethics and grant applications that incorporated this new approach. They were, now actually doing patient-oriented research (P02).
On the other hand, some learners described the intent to pursue patient-oriented research in the future but were not ready to explore the integration of patient-oriented research:
I'm more aware of patient-oriented research, but I don't think there's as much opportunity to apply it in my team just yet" (P11). (I am) now looking at ways to solicit more feedback from patients (P08).
The Bigger Picture
Learners reported significant impact of the program on their thought processes, perspectives, and attitudes about both clinical trials and patient-oriented research. Learners described changes in their personal perspectives compared to prior to the program:
I was looking at the research as a job, but now I consider myself more as a server to the community and to society; it [the program] changed the way I look at the patient and how they are involved in the research (P05).
Reset my mindset of what we're setting out to do and the altruism of doing clinical trials (P06).
(Made me) more aware of the importance of my job and the bigger picture (P02).
They also reported an awareness of the bigger picture; that is, seeing what is being done outside of their own studies and progress in the field:,
It gives you an idea of what's going on outside your own team and what the possibilities might be(P04).
These changes in perspective also influenced the learners' team members. One learner described her nursing background and previously unsuccessful attempts to make changes in her work based on a personal philosophy of valuing patient experience and input: Many of the experienced learners were also involved in the onboarding and training of new staff and described changes in the way they oriented new team members to the work:
It's different now when orientating staff, a slightly different way of thinking; not just 'we're trying to create new medicines' or something, but we're trying to create better involvement with the patient and community and that mindset is spreading (P12).
I feel that I can share this with people who are just starting out and now they will have this perspective to guide them as they learn their job (P04).
Learner reflections on impact tended to be positive, as reflected in the results above. This may be due, in part, to the likelihood that those who agreed to participate in the interview were those with stories to share about the impact of the program on their work. Many learners also provided insightful critiques about the content, workload, sequence of modules, and recommendations, such as "more examples or case studies would have been helpful" (P01) or "live sessions in the evening were too inconvenient" (P05). These comments were carefully reviewed and contributed to numerous program amendments prior to admitting the next cohort.
Discussion
National and provincial research funding was the impetus for this initiative. Conceptually the overall expectations were to develop capacity in health research, specifically POR. However, the practical aspects of program implementation and impact assessment were largely undefined. This funding supported development and delivery of the program as well as subsidized learner registration fees to reduce barriers to participation. Clinical trials staffs were not typically provided with professional development funds that may be available for other audiences, such as graduate students, clinicians and faculty. Whether this program could be supported on a cost recovery model through learner registration fees remains unclear. Other sources of funding such as university and industry grants are being pursued.
A group of learners with diverse levels of experience in clinical trial management completed this initial certificate program and contributed to an in-depth understanding the program impact. A number of barriers were identified for learners attempting to integrate patient-oriented research into their work within the timeline of the initial program. Learners were all involved in ongoing trials at various stages of the research process and once the study design had been set, many learners reported difficulty in attempting to suggest changes or amendments.
Industry sponsored trials were thought to be much more difficult to change, as the study team often had little or no control over the details of the research. As organizations, industries, and sponsors begin to realize the significance of patient-oriented research, it may become more feasible for future learners to contribute to these changes. For learners that reported success in approaching study investigators or sponsors with suggested changes to incorporate patient-oriented research, two factors were credited in moving this forward. First, learners found their knowledge of patient-oriented research with concrete examples or plans of how they might approach this were more convincing to decisionmakers than abstract ideas. Second, an openness to considering these changes was paramount. A culture shift in the health research and clinical trials environment is a significant contributor to the willingness of decision-makers to consider this change.
Given the geographic spread of intended learners, the program adopted a blended learning approach, which met these needs. In assessing program impact, learners' comments reflected the value of this delivery model. They valued both the opportunity to meet and connect in person, while appreciating the large amount of content delivered online. The online format was critical to ensure this provincial initiative was accessible to learners across the province. It also allowed for the involvement of a wide variety of provincial experts as guest speakers for weekly modules, as they could log in and share their knowledge from virtually any location.
As Cooke [9] described, research capacity development endeavours are largely acknowledged to occur at different levels, each with their own role in changing practice and creating impact within their respective environment Subsequent work in this area has suggested frameworks to assess, plan and implement, and evaluate the various research development activities at each level [19] . According to Huber et al. [19] , individual and team levels of impact are demonstrated through knowledge, skills, attitudes, and applying good practice. While impact of the initial training program was reported primarily at the individual level, many learner's stories have transcended their own experience and affected the teams in which they work. Learner reports of collaborations with their principal investigator or industry sponsor, proposing changes to study design, and implementing these changes to be "more patient-oriented" have impact beyond the individual learning that took place.
The evidence of learning and workplace impact described in this paper are indicative of the program efficacy. While this program has been considered a resounding success, the data collected from the initial group of learners is potentially insufficient to analyze how or why it was a success. Some explanations for the success have been placed on the initial design work and involvement of Huenneke et al. [19] claim the involvement of key leadership in an advisory committee is an essential factor in obtaining buy-in and creating support for the program and learners. The program success paves the way for additional capacity development initiatives that will bridge POR knowledge into other health research areas, such as big data management and knowledge translation.
Early individual impact results have been largely positive, yet the challenge of long-term assessment must be addressed. Long-term impact evaluation will require a larger alumni group, but will also require strategic design to determine how to accurately demonstrate the kinds of outcomes that may result. Potential avenues may include assessing for changes to timelines to complete studies, comparing reported issues, such as number of revisions to ethics applications or time taken to complete audit processes, as well as staff retention and long term uptake of patient-oriented strategies. Due to the variation in institutions and organizations across the province, as well as the potential confounding factors, such as availability of funding, regulatory changes, and other external forces that might impact potential measurement items, it may be difficult to isolate the program effect from other external factors in each local health research environment.
Limitations of the Study
Pre-testing would have provided a more concrete measurement of the individual increase in knowledge that could have been compared with a final evaluation with the same questions.
Evaluation was prepared and compiled by staff of the program, which may have introduced bias into the interpretation of results.
Conclusion
Capacity building is widely described as more than educational initiatives, such as funding and partnerships. However, this program evaluation supports the assertion that educational initiatives are a key component and can create impact at all levels of change. The program successes extended beyond individual learning benefits, and have exhibited other early successes that extend to the teams, institutions, and organizations in which they work.
The development of well-trained individuals is recognized as a key priority in ensuring local capacity can meet the demands of health research [3] . The results shown here have demonstrated this type of program can effectively develop capacity in the targeted workforce. Learners made a variety of changes in practice upon completion of the 56-hour program in areas related to both clinical trials conduct and patient-oriented research.
Long-term assessment of the impact of this program should be addressed, even considering the inherent challenges. Evaluation is difficult due to the contextual nature of programs, and numerous factors may make it unrealistic to isolate an individual program in relation to outcomes that are also influenced by a wide variety of additional factors. This issue should be addressed in further research to explore how this long-term evaluation can be conducted.
